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Abstract 

Aims — This study's primary purpose was to determine whether earlier findings suggesting an 
association between sporadic Creutzfeldt-Jakob disease (sCJD), a transmissible spongiform 
encephalopathy of humans and specific dietary components could be replicated. The a priori 
hypotheses were that consumption of (i) foods likely to contain organ tissue and (ii) raw/rare meat 
are associated with increased sCJD risk. 

Study Design — Population-based case-control study. 
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Place and Duration Of Study — Department of Neurology, School of Medicine, Loma Linda 
University, Loma Linda, CA, USA; 4 years. 

Methodology — An 1 1-state case-control study of pathologically confirmed, definite sCJD cases, 
matched controls, and a sample of control-surrogates was conducted. Ninety-six percent (106/1 10) 
of the case data was obtained in 1991-1993, prior to variant CJD publicity. 

Results — Using control self -responses, consumption of hot dogs, sausage, pepperoni, kielbasa, 
"other" canned meat, poultry liver, any stomach/intestine, beef stomach/intestine, any organ 
tissue, and beef organ tissue was individually associated with increased sCJD risk; odds ratios 
(OR) ranged from 2.4 to 7.2 (0.003 <p<0.025). Rare/raw meat consumption was associated with 
sCJD (OR=2.0; p<0.05). Greater consumption of hot dogs, bologna, salami, sausage, pepperoni 
and kielbasa was associated with significantly higher risk. The OR for gizzard consumption was 
7.6, p<0.04. Bologna, salami, any liver, beef liver and pork stomach/intestine were marginally 
associated with sCJD: ORs ranged from 1.7 to 3.7; 0.05 <p< 0.10. Brain consumption was not 
associated with an elevated risk. Analyses using control-surrogate data indicate that use of the 
control self-responses did not bias the results away from the null hypothesis. 

Conclusions — The a priori hypotheses were supported. Consumption of various meat products 
may be one method of transmission of the infectious agent for sCJD. 
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1. INTRODUCTION 

Sporadic Creutzfeldt-Jakob disease (sCJD) is a fatal transmissible spongiform 
encephalopathy (TSE, prion disease) of humans. In 1979, Hadlow et al. [1] reported that the 
infectious agent (prion proteins or PrP Sc ; Sc stands for scrapie, a prion disease in sheep and 
goats) was found in non-neural tissue, e.g., stomach, intestine, and the lymphatic system, 
even prior to clinical symptoms. More recently, Bosque et al. [2] found PrP Sc in the skeletal 
muscle of mice inoculated with murine PrP Sc . Furthermore, they showed that substantial 
titers can be propagated within the skeletal muscle. Bosque et al. called for a concerted 
effort to determine the distribution and concentration of prions in animals (e.g., cows, sheep, 
deer) in the human food chain. Andreoletti et al. [3] investigated the prion distribution and 
titers in sheep which were either naturally or experimentally infected with scrapie. They 
found accumulation of PrP Sc in muscles, with the titer being up to 5,000 times lower than in 
brain. However, as noted by Andreoletti et al. [3], van Keulen et al. [4] found much higher 
titers of PrP Sc in lymph nodes located within muscles of scrapie-infected sheep. We note 
that the quantity of animal muscle consumed by humans is probably well over 5,000 times 
higher than the quantity of brain consumed. 

In 1985, we reported on dietary risk factors associated with sCJD in a case-control study of 
26 sCJD patients and 40 hospital and family controls from 5 states in the USA [5]. 
Combining the dietary findings with the findings of our report [6] of weak links in the 
human food chain (e.g., sheep raisers' lack of awareness of scrapie in epidemic areas, the 
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preclinical presence of the infectious agent(s) in non-neural organs of infected animals and 
the use of organs in certain meat products), we suggested that sCJD might be acquired 
through ingestion of contaminated food products, particularly processed foods which are 
likely to contain organ tissue. Four other epidemiologic studies of sCJD with dietary 
information were published prior to 1990 [7-10]. Two other studies were published in 1998 
[11] and 2009 [12]. The findings of these studies are considered in the Discussion section. 

Transmissible spongiform encephalopathy (TSE) has been found naturally in animals other 
than sheep, including goat, mule deer, elk, and mink. Experimentally, TSEs have a wide 
range of hosts [13-17], including pigs [18-20]. Research suggests that fish may be capable of 
harboring the infectious agent [21]. It should be noted that farm-raised fish, e.g., salmon, are 
fed meat byproducts. TSE has been reported in chickens [22-24]. 

The epidemic of bovine spongiform encephalopathy (BSE) in England, thought to have been 
initiated by scrapie-contaminated feed [25], the feeding of bovine products to cows, and a 
change in the rendering process in the late 1970s [26], convincingly demonstrates probable 
transmission of TSE across the species barrier by contaminated food products. BSE- 
contaminated feed has caused TSEs in several different species of zoo animals, including 
primates, and in domestic cats. Two lemurs (a small primate), one fed 0.5 g of BSE-infected 
cow brain once and one fed twice were found to be infected 5 months later [27] . (However, 
marmosets, another small primate, which may have been fed BSE-contaminated feed for 
5-10 years have not developed histologically identified spongiform encephalopathy, 
although sCJD has been successfully transmitted to them [28]). There have been five 
reported outbreaks of TSE at mink farms in the US, each apparently due to contaminated 
feed, possibly from downer cows [29-31]. Mink have developed spongiform encephalopathy 
from oral inoculation with BSE-contaminated feed [32]. However, oral transmission of TSE 
from mink to cows has not been demonstrated [33]. Recently, it has been shown that at least 
some mammalian scavengers are apparently not susceptible to chronic wasting disease 
(CWD), a TSE of white-tailed deer and other cervids, after scavenging white-tailed deer 
carcasses in an area of Wisconsin where CWD is endemic [34]. There is convincing 
evidence that variant CJD (vCJD) in England and other countries and BSE are caused by the 
same agent, thereby establishing that transmission to humans has occurred [35-38]. Given 
the wide geographic distribution of the vCJD cases within Great Britain, the lack of contact 
with infected cows of most cases, and oral transmission to primates, transmission to humans 
has probably occurred through BSE-contaminated food [35-38]. 

1 .1 Possibly Porous Species Barrier 

The hypothesized species barrier may be more porous than previously thought. The question 
of dietary transmission of sCJD to humans is contentious [e.g., 11,26]. However, laboratory 
evidence provides credence to the possibility of such transmission, albeit somewhat 
inefficiently, e.g., (1) an in vitro study has identified a specific biological process by which 
human PrP Sc may be chaperoned in vivo across the human intestinal epithelial cell barrier 
[39]; (2) it is now well-established that animals which do not manifest clinical signs of 
disease or only temporarily manifest such signs can harbor sufficiently high titers of 
infectious prions for disease to be transmitted at least through inoculation [40,41]; (3) prions 
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can gain infectivity ability through passage from one animal to another [42] and (4) a second 
strain of prions in cattle has been identified which has molecular similarities with a specific 
subtype of sCJD [43]. It is also important to note that different prion strains, while derived 
from the same species-specific prion proteins, have different conformations which play an 
important role in the degree of infectivity, varying clinical signs and symptoms, and 
progression. Current evidence indicates that there are several different human PrP Sc 
conformations [44]. These recent findings are discussed immediately below. 

Crossing the Intestinal Epithelial Cell Barrier — Using an in vitro model of the human 
intestinal epithelial cell barrier, Mishra et al. [39] found that PrP Sc is chaperoned by ferritin 
across the barrier. They concluded that, due to ferritin's considerable homology across 
species, their study indicates that "PrP Sc -associated proteins, in particular ferritin, may 
facilitate PrP Sc uptake in the intestine from distant species, leading to a carrier state in 
humans" or animals in the human food chain. 

Subclinical Disease With Infectivity — Thackray et al. [40] studied two mouse-adapted 
scrapie strains (ME7 and RML) which were intracerebrally injected in a specific transgenic 
mouse model (Tga20) and two species of wild-type mice. Low doses of the inoculum caused 
the oscillation of appearance and then disappearance of clinical signs, sometimes for many 
months but did not induce terminal disease. The authors refer to this status as subclinical 
disease. PrP Sc was identified in the brains of these mice at similar concentrations as found in 
mice with terminal disease. All titers were higher than contained in the original inoculate. 
Brain homogenates from these mice contained as much or nearly as much infectivity as 
brain homogenates from mice with terminal disease. This was determined by passage in 
Tga20 mice. When inoculated with brain homogenates from non-infected wild-type mice, 
none of the Tga20 mice developed disease. Thus, the brains of mice with subclinical disease 
contained sufficient quantities of PrP Sc to induce terminal disease. 

Hill et al. [41] studied a different strain of hamster prions considered nonpathologic to mice. 
When inoculated, the mice developed high titers of PrP Sc in their brains, but were without 
clinical symptoms and had a normal lifespan. Upon transmission to a second generation of 
mice or to hamsters, all animals eventually developed clinical prion disease. Hill et al. 
suggested that there might be evolution of the PrP Sc strain and that their data "seriously 
question our current understanding of species barriers". We note that other researchers have 
also identified subclinical disease along with infectivity [45-47]. 

Gain in Infectivity with Transmission — Work by Race et al. [42] also suggests that 
apparently dormant PrP Sc can evolve into a virulent form. They studied mice inoculated 
with a specific strain of hamster PrP Sc . They found that, despite not developing clinical 
disease, the brains and spleens of these mice remained infectious for the lifetimes of the 
mice. Furthermore, there was no evidence that the hamster PrP Sc replicated within the brains 
for a period of at least one year. After this period of persistence, replication occurred and 
new strains were identified which caused disease in mice. Thus, new strains of PrP Sc might 
develop in transmission between sheep (scrapie), deer or elk (chronic wasting disease) and 
cows (BSE). Some of these strains might be more easily transmitted and virulent to 
susceptible humans through diet. 
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Second TSE Strain in Cattle and SCJD — Casalone et al. [43] have recently identified 
a second TSE of cattle, with a molecular signature similar to a particular strain of sCJD 
(M/V2 CJD): type-2 PrP Sc with a methionine/valine (M/V) polymorphism at codon 129 of 
the human prion protein gene. To date, this strain has been identified in two cattle. Casalone 
et al. have named the disease associated with this new prion strain bovine amyloidotic 
spongiform encephalopathy (BASE). The authors point out that there are differences in the 
distribution of PrP Sc in BASE and M/V2 CJD. In M/V2 CJD, the largest amount of PrP Sc is 
found in the cerebellum, brainstem and striatum, while in BASE the predominant areas are 
the thalamus and olfactory regions. Casalone et al. suggest that lack of substantial 
involvement of the motor dorsal nucleus of the vagus (MDNV) and the brainstem in BASE 
indicates that the route of transmission of BASE is perhaps not the alimentary tract. On the 
other hand, the brainstem is involved in sCJD. Unfortunately, no information concerning 
MDNV involvement in human sCJD appears to be available. We note that, given Casalone 
et al.'s suggestion [43], involvement of the brainstem would indicate that transmission could 
be through the alimentary tract. 

Colitis and Increased Susceptibility of Mice to Oral Prion Infection — A recent 
study by Sigurdson et al. [48] has convincingly shown that C57BL/6 mice, after developing 
moderate colitis due to exposure of an attenuated strain of Salmonella, had more than double 
the usual susceptibility to oral prion infection and experienced a somewhat accelerated 
disease development. The authors conclude that "moderate intestinal inflammation at the 
time of prion may constitute one of the elusive risk factors underlying the development of 
TSE". 

In a review article, Collins et al. [49] concluded convincing evidence that high titers of 
infectious PrP Sc can be present in asymptomatic animals. Their conclusion was that these 
findings "challenge previous ideas of species barrier". 

2. MATERIALS AND METHODS 

This study was approved by the Institutional Review Board (IRB) of the Loma Linda 
University School of Medicine. The study participant subjects have signed the IRB approved 
informed consent form. 

2.1 Study Design, Subjects and Controls 

In this case-control study, cases and controls were ascertained from 1 1 states in the USA 
which were not included in our earlier case-control study [5]. These 1 1 states are Alabama, 
California, Florida, Georgia, Illinois, Louisiana, Michigan, Minnesota, Mississippi, 
Tennessee, and Texas. They were chosen because of their size; combined, they contain 
about 40% of the US population. Only neuropathologically confirmed CJD patients 
diagnosed between 1979 and 1990 were eligible for the study. Potential CJD cases were 
identified through systematic inquiries of hospitals and neuropathologists and from death 
certificates. The process of identifying subjects with a neuropathologic confirmation of CJD 
(definite sCJD) has been detailed elsewhere [50,51]. The criteria for definite sCJD were as 
follows: neuropathologically confirmed spongiform encephalopathy and progressive 
dementia with at least one of the following features: myoclonus, pyramidal signs, 
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characteristic electroencephalogram, cerebellar signs, or extrapyramidal signs. Nearly 1000 
possible cases were identified, of whom 189 had neuropathology reports and/or slides and 
tissue blocks which were available. The study neuropathologist (BL), neurologist (TB) and 
internist-geriatrician (KD) examined these materials and confirmed 162 to be definite CJD 
cases. With these data, we estimated that the incidence rate for the years 1986-88 in the 
study area was 0.83 per million populations, age-adjusted to the 1990 census [51]. No 
nosocomial CJD cases were identified. Familial CJD cases, defined as a case who had a 
blood relative with at least suspected CJD, were excluded. Thus, only sporadic CJD (sCJD) 
cases were used in the analyses. 

Up to two controls from the general population for each case were obtained by random- 
digit-dialing. Matching criteria were date of birth (10 years earlier to 2 years after the case's 
birth), gender, ethnicity (African American, White, Hispanic, Asian) and geographic area of 
residence 2 years prior to the onset of disease. Controls were, on average, 3 years older than 
their matched cases. A non-symmetric age matching interval was used because precise age- 
matching was not financially feasible and it was important that the controls had, at least on 
average, as much opportunity of exposure as the matched case. Allowing the controls to be, 
on average, somewhat older than the cases is conservative because they then have had more 
opportunity for exposure and the resulting odds ratio estimator may thus be somewhat 
biased downwards towards the null hypothesis of no increased risk. 

2.2 Random Digit Dialing 

The study began in 1990 and interviews began in 1991. After data were collected about a 
case, efforts began to recruit and interview at least one matched control, using random digit 
dialing. The area code and the first four digits of the telephone number of the case two years 
prior to disease onset were used to obtain controls. Random 3 digit numbers were generated 
for each case. The numbers were called in the order in which they were generated. However, 
before going on to the next number, 9 attempts had to be made: 3 times per day (morning, 
afternoon, evening) for 3 days, one of which was on a weekend. Nine rings constituted an 
attempt. It took about 30 hours of calling to find a matched control. 

2.3 Interviews 

Due to the nature of the disease (i.e., progressive dementia and death usually within one 
year), the most knowledgeable surrogate was interviewed for each case. Controls provided 
self-response data. For a subsample of controls (n=34), a surrogate was also interviewed. 
Thirty-two (32) of these surrogates provided sufficient dietary information for analysis. 
Interviews were conducted by telephone, which provided an efficient and feasible data 
collection method for a study which covered large geographical areas in different states in 
the US. Interviewees were sent materials describing the categories of information of interest 
so that they could prepare for the interview. Signed informed consent forms were obtained. 

2.4 "Blinded" Interviewers 

The interviewers were blinded as to the study subject matter, disease of interest, and case- 
control status. They did not associate with the other study staff. They knew only that the 
study was health-related and that sometimes the interview concerned the person being 
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interviewed and sometimes it concerned another person. All interactions with the sCJD case 
families and the controls leading up to the interviews were conducted by the project 
coordinator, not an interviewer. The project coordinator requested that the informant not 
discuss the illness or the study with the interviewer. Frequent meetings and discussions with 
the interviewers confirmed their blinded status. 

2.5 Dietary Exposures 

The questionnaire was similar to the one used in our original CJD study [5], It was, 
however, more focused. A series of questions asked whether specific food items were ever 
consumed up to six months prior to sCJD onset for cases. The same cutoff year was used for 
the corresponding matched control(s). 

The interviewers asked about the frequency of "usual" consumption of each food item. 
Specifically, the interviewer asked "How often did (name) usually eat each of the following 
foods up to (year) when (he/she) was (number) years old?" For controls, "name" and "he/ 
she" were replaced by "you". Frequency was divided into 7 categories, from 5-7 times per 
week down to less than 1 time per year, and "never". There was also a "do not know" 
category. In trend analyses, if the frequency of consumption was 2 times per month or more, 
consumption was classified as 'high', consumption less than 2 times per month was 
classified as 'low' . These divisions were determined a priori and not as a consequence of 
preliminary data analyses. 

2.6 Statistical Analyses 

Control self-responses and control-surrogate responses for 'ever' versus 'never' 
consumption of specific food items were used to investigate whether surrogate responses 
tended to provide underestimates or overestimates of consumption of food items. The 
concordance rates for consumption of specific food items were determined, and the relative 
frequencies of positive responses for control self-responses and control-surrogate responses 
were compared. If surrogates tended to provide underestimates of consumption, the use of 
case-surrogate responses and control self-responses would likely result in a bias towards the 
null hypothesis. Alternatively, if surrogates tended to provide overestimates, the bias would 
be upwards, away from the null hypothesis. Case-control matching was retained in all 'ever' 
versus 'never' analyses using control self-responses and control-surrogate responses when 
the analysis was limited to cases with controls. In addition, analyses were repeated without 
consideration of the matching so that the data from the 25 cases without a control could be 
used. Odds ratio analyses using control-surrogate responses and analyses without matching 
were also used to investigate possible odds ratio estimator bias. 'No consumption' was the 
base from which odds ratios were calculated. 

No multivariate analyses are presented because the odds ratios of the individual food items 
were of specific interest. The primary food items were chosen a priori because they were 
organs or were likely to contain organ parts. Other animal food items, e.g., bacon, were 
chosen because of the results of our earlier study. It is important to analyze each of these 
food items individually. Because this was a confirmatory study with a priori specified 
hypotheses, it is appropriate to use one-sided statistical tests (p-values) for the odds ratio 
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estimates associated with these hypotheses. However, two-sided 95% confidence intervals 
for the odds ratios are used because they are standardly provided. Therefore, at times the 
(one-sided) statistical test for an odds ratio has a p-value below 0.05, but the confidence 
interval contains 1.0. It should be noted that a one-sided p-value below 0.025 translates into 
a two-sided p-value below 0.05. 

Exact conditional logistic regression was used for estimating the odds ratios for the 'ever' 
versus 'never' (dichotomous) comparisons and 95% confidence intervals (CIs) [52,53]. One 
degree of freedom chi-square trend tests (2-sided) for 'high' versus 'never' and 'low' versus 
'never' consumption of specific food items were used. The same statistical tests were used 
for the other dietary items (not a priori specified), but were 2-sided. All data analyses were 
conducted using SAS (SAS Institute, Inc., Cary, NC). 

3. RESULTS 

3.1 Description of Cases and Controls 

One hundred sixty-two neuropathologically confirmed cases were identified. Nineteen 
(12%) families could not be located and 23 (14%) families declined to participate. Thus, 
interviews from surrogates of 120 (74%) of the 162 neuropathologically confirmed 
Creutzfeldt-Jakob disease (CJD) cases were obtained. One hundred ten (92%) of the 120 
CJD cases were sporadic. Among the sporadic cases, 45 (40.9%) were women. The mean 
age-at-onset of symptoms was 63.6 years, with a standard deviation of 8.8 years. The age-at- 
onset distribution was rather symmetric, with a range from 34 to 80.3 years. There was 
essentially no difference in the onset distribution between men and women. The mean 
duration of disease (clinical onset to death) was 8.5 months. Women had a longer mean 
duration than men, 10.4 versus 7.1 months. 

Twenty-nine cases had two matched controls and 56 cases had 1 matched control. Thus 85 
(77%) of the 1 10 sporadic CJD cases had at least one control. The cases without a control 
were, on average, 4 years older at clinical onset and had a slightly narrower age-at-onset 
standard deviation than the cases with at least one control. These cases also had a shorter 
mean duration of disease: 7.3 versus 8.7 month mean durations. Two-thirds of the controls 
were older than their matched case. The controls were, on average, born 3.0 years earlier 
than their corresponding case. 93.7% of both the cases and controls were "White". There 
were no differences in the distributions of country of origin of the parents of the cases and 
controls. Forty percent of the controls and 45.5% of the cases had no more than a high 
school education; 6% of the controls and 1 1.6% of the cases had some graduate education. 
Nearly two-thirds of the cases were urban/suburban residents two years prior to disease 
clinical onset. Because controls had the same area code and prefix as the cases, the same 
percentage of controls were urban/suburban residents. Table 1 displays some of this 
information. 

3.2 Consumption of Specific Food Items and Rare/Raw Meat 

Table 2 provides the frequency data for consumption of the specific food items about which 
information was requested and the level of cooking of meats. Information about a wide 
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range of items was sought. The rates of missing information for cases and controls were 
relatively low (below 10%), except for raw milk (11%), smoked pork (12%), kishka (12%), 
scrapple (22%), sausessen (20%), rabbit (11%), and "other" canned meat (11%) among 
cases. Controls more frequently ate 29% of the food items in Table 2 than cases. 

3.3 Analyses for Organ Tissue Consumption and Meat Preparation 

Table 3 presents the odds ratio estimates, 1 -sided p-values and 2-sided 95% confidence 
intervals for 'ever' versus 'never' consumption for the a priori identified food products 
likely to contain organ tissue, for specific organ tissue and for 'rare/raw' versus 'medium/ 
well done' meat consumption. Among food items likely to contain organ tissue, 
consumption of hot dogs, sausage, pepperoni, kielbasa and "other" canned meat were all 
significantly associated with sCJD at below the p=0.025 level, with ORs between 2.4 and 
7.2. Consumption of bologna and salami had ORs of 1.7 (p<0.07) and 1.9 (p < 0.055), while 
consumption of kishka, scrapple and meat spreads had ORs of 2.1 (p=0.17), 1.04 (p=0.56) 
and 1.3 (p=0.25), respectively. Evidently, no subject ate sausessen. The 95% CIs were 
narrow except for hot dogs and sausage, because of the very high proportion of both cases 
and controls who had consumed these food items. 

Consumption of any internal organ tissue, based on consumption of a specific named organ, 
had an OR of 2.5 (p<0.004, 95% CI: 1.3-5.3). Consumption of beef internal organ tissue had 
an elevated OR: 3.2 (p<0.003, 95% CI: 1.4-8.4). Consumption of any stomach/intestine had 
a significantly increased OR of 3.7 (p=0.006, 95% CI: 1.3-13.1). The odds ratios for 
consumption of beef and pork stomach/intestine were 4.5 (p=0.01, 95% CI: 1.2-25.4) and 
3.7 (p<0.10, 95% CI: 0.6-37.6), respectively. 

Consumption of any liver was marginally significant: OR=1.9, p<0.08, 95% CI: 0.8-4.9). 
Consumption of beef liver was also marginally significant, and consumption of poultry liver 
was significantly elevated (OR=3.1, p<0.007, 95% CI: 1.2-9.0). Consumption of pork liver 
was not significantly elevated. Consumption of heart, kidney or brain was not elevated 
among cases. Consumption of gizzard (poultry) had a high odds ratio, which was only 
marginally significant. The gizzard consumption rate among controls was only 1%. Eating 
rare or raw meat had a significantly elevated odds ratio (OR=2.0, p<0.05, 95% CI: 0.9-4.7). 

3.4 Trend Analyses 

Table 4 provides the trend analyses (risk associated with increasing consumption) for the a 
priori chosen food items likely to contain organ tissue for which high frequency 
consumption was at least somewhat common. For completeness, the individual odds ratios 
for 'low' versus 'never' and 'high' versus 'never', the 2-sided 95% CIs and the 1 -sided p- 
values are also provided. The 2-sided significance levels (p-values) for trend for sausage and 
pepperoni consumption were both below 0.02. For hot dogs, salami, kielbasa and bologna 
consumption the 2-sided p-values were each below 0.01. 

3.5 Analyses of Additional Food Items: 2-Sided Tests 

Dietary information was inquired for several specific meat items, e.g., lamb chop, roast 
pork, corned beef, smoked fish, raw fish. Odds ratios were significant (2-sided tests) for 
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only the following three items: lamb/mutton, smoked pork, and lobster: 3.1, 2.0, 2.3, 
respectively. Dietary histories of vegetable consumption were also obtained, specifically, 
potato, onion, carrot, and "other" root vegetables. "Other" root vegetables mentioned with 
some frequency were beets, turnips, yams/sweet potatoes, rutabagas, radishes and parsnips. 
Odds ratios were significant only for beets and turnips; they were both below 1.0. 

3.6 Concordance Rates and Odds Ratio Estimators Based on Control Self-Responses and 
Control Surrogate-Responses 

Exposure was sufficiently frequent for most of the specific food items of a priori interest to 
compare control self-responses and control-surrogate responses among the n=32 pairs. The 
concordance rates were generally above 60% (9 of 15 comparisons, Table 5). Controls self- 
reported more frequent consumption of hot dogs, bologna, salami, sausage, kielbasa, kishka, 
scrapple, meat spreads, any brain, any heart, any liver and any stomach/intestine than did 
their surrogates (Table 6). The rates were the same for pepperoni and "other" canned meat. 
Only for kidney was the surrogate reported rate greater than the control self-reported rate. 

Table 6 provides a comparison of the odds ratio estimates for the a priori chosen food items 
using control self-responses with matched and unmatched analyses and using control- 
surrogate responses in a matched analysis. The unmatched analyses use all 1 14 sCJD cases. 
The odds ratio estimates using matched and unmatched analyses with control self-responses 
differed by 0.2 or less for 10 (38%) of the 26 food/preparation items. The matched analysis 
resulted in an odds ratio higher by more than 0.2 for 8 (31%) items and lower by more than 
0.2 in the remaining 8 (31%) items. In general, the unmatched analyses had lower 
significance levels (i.e., smaller p-values), mostly because of the increased number of cases. 
Only pork and poultry organ tissue consumption changed from non-significance in the 
matched analysis to having 1-sided p-values below 0.05 and 0.10 in the unmatched analysis: 
ORs of 1.6 versus 1.8 and 1.4 versus 1.9. 

The matched analyses with control-surrogate responses had many fewer case-control 
pairings than the matched analyses with control self-responses: 32 versus 85. However, for 
only 5 (19%) of the food items were the odds ratios using the control-surrogate response 
data lower by more than 0.1. These food items were salami (1.9 to 1.6), sausage (4.4 to 3.6), 
any kidney (1.2 to 0.2), beef liver (1.7 to 1.1) and pork stomach/intestine (3.7 to 3.0). For 
most of the other food items the increase in the odds ratio was relatively large, e.g., bologna 
(1.7 to 5.4), beef organ tissue (3.2 to 6.0) and any brain (0.7 to 2.5). 

4. DISCUSSION 

Below, we discuss bias considerations in the present study and in studies by other groups. 
Caution must always be exercised in evaluating the results of any epidemiologic study, 
whether case-control, cross-sectional, or prospective. Conclusions can be affected by 
problems in nearly all components of an epidemiologic study, including the information that 
is collected, the determination of case and control status (or disease incidence for 
prospective studies), the training and effectiveness of interviewers and other data collectors. 
This is why replication by different groups is generally essential. 
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4.1 Bias Considerations 

4.1.1 General Considerations — Potential bias in this study was minimized by (i) 
identifying as many of the pathologically confirmed definite cases of sCJD in a well-defined 
large geographic area and time period as possible, (ii) selecting controls through random 
digit dialing, (iii) matching controls to individual cases by gender, age, ethnicity and 
location of residence, (iv) keeping the interviewers blinded as to case-control status, the 
disease under study, and the hypotheses being investigated, (v) providing written materials 
to the respondents concerning the information to be requested so that they could prepare for 
the interview, and (vi) embedding questions relating to the a priori hypotheses among other 
questions. It was necessary to interview a surrogate for each case due to the nature of the 
disease, i.e., all cases had become demented and most had already died. (sCJD cases are 
generally demented before a clinical diagnosis can be made. However, a clinical diagnosis is 
not considered very reliable. Thus, surrogates would have been required even if cases were 
available for interview at the time of a clinical diagnosis). 

Both differential and non-differential recall biases are potential problems in case-control 
studies. To help guard against these recall biases, case-surrogate and controls were provided 
information prior to the interview concerning the items to be queried, as mentioned above. 
This enabled them to think about the past and to ask other individuals if they were not fully 
knowledgeable about a subject. On the other hand, control-surrogates were not allowed to 
ask for information. Thus, case-surrogate information may be nearly as accurate as control 
information and more so than control-surrogate information. The questionnaire included 
items about occupations, hobbies, travel, residential locations, and medical history, and thus 
did not focus on diet. Information on approximate usual frequency of consumption of 
numerous food items was obtained. 

Case-Surrogates Lacked Knowledge of Hypothesized Dietary Risk Factors: Until the 
late 1990s/early 2000s, physicians knowledgeable in the clinical diagnosis of CJD, 
researchers, and government officials by and large had discounted the idea that any form of 
CJD may be transmitted to humans through dietary exposure, even BSE-contaminated 
foods. vCJD was first identified in 1996. Subsequent research has demonstrated that BSE 
and vCJD are caused by the same infectious agent and an oral route of transmission is now 
accepted. 

However, almost all case data (96%) from the present study were collected in 1991-1993; 
data for 4 cases were collected in early 1994. No case-surrogate mentioned or inquired about 
dietary risk factors in conversations with the PI or project coordinator. Many case-surrogates 
asked about the causes of CJD and were told that causes were unknown and that was why 
the study was being conducted. Thus, until the BSE epidemic received publicity after 1993, 
the families of CJD patients were unlikely to have had knowledge about any possible mode 
of transmission, including oral. 

Consequently, it is unlikely that case-surrogate data were biased due knowledge of the 
dietary transmission hypotheses. This conclusion is bolstered by the fact that the odds ratio 
estimates using control self -responses for brain and raw milk consumption were below unity 
and only 3 non-a priori specified food items for which consumption data were obtained had 
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a statistically significantly elevated risk: lamb/mutton (but not lamb chops or roast lamb); 
smoked pork (but not pork chops, roast pork, ham or bacon) and lobster. It should be noted 
that mutton comes from older sheep, which are at increased risk of having subclinical 
scrapie compared to younger sheep or lamb and smoked pork is not cooked at a high 
temperature. 

4.1 .2 Recall Bias — As discussed above, we designed the data collection protocol to 
minimize recall bias and we were fortunate that 96% of the data collection for cases was 
prior to BSE publicity in the US and 100% was collected in 1991-1993 and early 1994. 
(vCJD was identified in England in 1996.) 

Given that (i) a possible a priori dietary transmission hypothesis was unknown to our case- 
surrogate, (ii) the presence of organ parts in processed meats is generally not known by the 
public, and (iii) dietary questions were embedded in a detailed questionnaire covering 
numerous topics, recall bias is likely not to be a reason for our positive findings. 

4.1 .3 Use of Control Self-Responses Is Likely Conservative — Analyses using 
control-surrogate responses usually resulted in larger odds ratios than analyses with control 
self-responses (Table 6). Thus it is likely that the control self-response data generally 
resulted in conservative odds ratio estimates because control self -responses should be more 
complete than control-surrogate responses for dietary items. 

4.2 National CJD Surveillance Unit (UK) Case-Control Studies: Bias Considerations 

Overview — The National CJD Surveillance Unit (UK), between 1990 and 1997 conducted 
case-control studies using definite and probable CJD cases, hospital-based controls, and 
'non-cases', defined as subjects referred to the Unit as possibly having CJD but who, upon 
further review or examination, did not have CJD [54,55]. In the 4th (1995) and 6th (1997) 
annual reports, data were presented on the consumption of beef, venison (1995 only) and 
brain (1997 only) for 'non-cases' [54,55]. Only these three food items were selected because 
in 1995 stepwise backward multivariate odds ratio analyses for cases vs controls found beef 
and venison to be jointly significant, while similar analyses in 1997 found beef and brain to 
be jointly significant (S Cousens, personal communication, 1999). Odds ratios for cases vs 
'non-cases' were reported for beef, venison and brain. The sample sizes were 150 cases and 
51 'non-cases' in 1995 and 206 cases and 80 'non-cases' in 1997. 

Based on a finding that these odds ratios were not significantly different from 1 (whereas the 
ORs for cases vs controls were significantly greater than 1), the authors of the reports 
concluded that the positive findings for cases vs controls may be solely due to recall bias. 
The 4th annual report findings (beef and venison) were referenced by van Duijn et al. [11] to 
substantiate their statement that "some of the positive findings in this study may largely or 
entirely reflect respondent bias". The 6th annual report findings (beef and brain) were cited 
by Johnson and Gibbs as a reason for discounting diet as a risk factor [56]. 

Detailed Review — The CJD Surveillance Unit's data collection protocol may have 
introduced serious bias in their data, which makes interpretation problematic. Perhaps the 
two most important problems are that (1) meat consumption, particularly beef, is a risk 
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factor for many of the diseases of the 'non-cases' (see below) and (2) data collection was 
performed by research assistants and physicians who were neither blinded to case-control 
status nor to the opinion of the primary investigators that sCJD is unlikely to be transmitted 
through diet. Also, probable sCJD cases were included as cases, which due to 
misclassification, likely lowered the odds ratio estimates. 

Important diagnostic information about the 'non-cases' is lacking in the CJD Surveillance 
Unit's reports. However, perhaps up to 60% of the 'non-cases' were determined not to have 
CJD merely on clinical grounds and only a "significant proportion of these cases made a 
complete clinical recovery" [11]. Thus, there may actually be some CJD cases among the 
'non-cases'. 

No judgment is made in the reports as to what proportion of the 'non-cases' had an illness or 
disease likely associated with fat or beef consumption. Information about the final clinical or 
pathologic diagnoses of the 'non-cases' is not provided but apparently the two most 
common primary diagnoses were Alzheimer's disease (AD) and Lewy body disease, with 
other diagnoses such as cancer and infarct (S Cousens, personal communication, 1999). AD 
is difficult to distinguish from vascular dementia (VaD) in the absence of expert diagnoses, 
so it is likely VaD was also at least somewhat common among the 'non-cases'. VaD and 
infarcts, either embolic or thrombotic, are clearly associated with increased cholesterol 
intake, e.g., beef consumption. In fact, dementia in general may be associated with meat 
consumption. The Rotterdam study of dementia found that high intake of total fat had a 
significantly elevated odds ratio of 2.4 (95% CI: 1.1-5.2) [57]. The ORs for saturated fat and 
cholesterol were elevated, but were marginally significant (0.05<p<0.10). In a matched sub- 
study, the Adventist Health Study found that a history of "heavy" meat consumption had an 
OR for dementia of 2.99 (p<0.05) compared to vegetarians [58]. The CJD Surveillance 
Unit's unmatched sub-study had limited power to detect an effect of "heavy" meat 
consumption. Thus, it is not surprising for the beef consumption of 'non-cases' to be 
elevated compared to controls. 

From the reported data, the frequency of consumption of beef, brain and venison for cases 
and controls from 1990-1995 and 1995-1997 can be determined. For 'non-cases', only the 
frequency of consumption of beef for these time periods can be determined. In 1995, 'non- 
cases' were reported to have eaten beef more frequently than cases and thus the OR for 
'non-cases' vs controls was higher than for cases vs controls. However, for venison, 'non- 
case' and control consumption were quite close (Table 7). In 1997, the rate of beef 
consumption for 'non-cases' was virtually identical to cases, while brain consumption for 
'non-cases' was midway between cases and controls. The absolute and relative frequencies 
are provided in Table 7. These data indicate that, among both cases and 'non-cases', 
reported "high" beef consumption dropped 6.1% and 1 1.9%, while "low" consumption 
(baseline) increased 6.4% and 10.6%, respectively. "Moderate" consumption remained 
virtually unchanged. Among controls, reported beef consumption remained practically 
unchanged. The existence of vCJD was made public in 1996. If recall bias were a problem 
in the CJD Surveillance Unit's study, one would have expected an increase in reported beef 
consumption, not a decrease, for the 1995-1997 period compared to the 1990-1995 period. 
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Within the case and control groups, reported rates of brain consumption were low and were 
essentially the same for the two periods. Reported venison consumption among cases 
changed very little between the two periods. However, among controls, there was a 
statistically significant (p=0.002) increase in the proportion who had ever eaten venison 
(Table 7). The break in the time periods was at the time that vCJD became known to the 
Surveillance Unit, which, given their ideas about dietary transmission, might have 
unconsciously influenced the depth of interviewing case-surrogates (less depth) and controls 
and control-surrogates (more depth) during the 1995-1997 period. Note that there was much 
more opportunity to probe for venison consumption, given the higher percentage of controls 
reported to have never eaten venison compared to cases. 

4.3 Multiple Comparisons 

In the present study, the processed food items which may contain bovine, sheep and porcine 
organ tissue and which showed an association with sCJD were chosen a priori, based on the 
results of our earlier study [5]. Analyses, using an index of the number of these a priori 
chosen food items consumed, showed increasing risk with increasing number of items 
consumed (data not shown). Given the consistency of the results, multiple comparisons 
therefore do not appear to represent a problem. 

4.4 Codon 129 Homozygosity and Estimated Odds Ratios 

Fortunately, oral inoculation appears to be an inefficient route of transmission of sCJD. 
Meat may generally be unlikely to contain high levels of the infectious agent. (However, 
meat products containing organ tissue are not necessarily well cooked and cases ate rare or 
raw meat more frequently than controls.) Homozygosity at codon 129 on the prion precursor 
protein gene is a susceptibility factor. About 85%-95% of the cases are homozygous at 
codon 129 [65-68]. Approximately 50% of the general population is homozygous at codon 
129. It was not possible to determine the zygosity status of the cases in the present study. 

The odds ratio estimates may be biased towards 1 because about 50% of the controls were 
likely heterozygous at codon 129, were consequently about 5.7 (85/15) tol9 (95/5) times 
less likely to develop sCJD than homozygotes given the same exposures and thus their 
dietary history could have been comparable to the sCJD cases' dietary histories without 
adverse effect. 

4.5 Comparison with Previous Studies 

Table 8 provides the odds ratio information for specific dietary items common to the earlier 
Davanipour et al. study, the present study, the van Duijn et al. study [11] and the Ruegger et 
al. study [12]. Results from the other earlier studies [7-10] are included if the data were 
collected and available. The results of the Davanipour et al. and van Duijn et al. studies are 
generally consistent. The Ruegger et al. study [12], despite likely using a questionnaire 
similar to that used by van Duijn et al. [11], was not congruent. Only the two Davanipour et 
al. studies included processed food items likely to contain organ tissue, except for sausage 
items in the van Duijn et al. and Ruegger et al. studies [11,12]. 
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4.5.1 Findings from Specific Studies — The Bobowick et al. study [7] simply asked 
about consumption of raw meat, raw seafood, and brain. No significant risk association with 
raw meat consumption was found. A significant association was found with consumption of 
raw seafood, but was discounted because it was limited to raw oysters in "almost all cases". 
Consumption of brain in general was not statistically significant, but consumption of pig 
brain was marginally increased among cases (OR = 3.6, p = 0.07). We note that the 
Goldberg et al. study [8] found that among cases and controls who ate brain, the cases 
generally preferred light grilling and the controls generally preferred frying or simmering. 
Light grilling is more likely to leave the heat-resistant abnormal prion viable. 

The Kondo and Kuroiwa study [9] reported on consumption of raw meat and brain. Only 
raw horse meat had been consumed, by 3 cases and 3 neighbor controls. No subject had 
eaten brains. The dietary data are discussed, but not presented in the Harries-Jones et al. 
study [10]. The authors state, however, that cases "tended" to eat less kidney and more tripe 
than controls and were "more likely" to have ever eaten other forms of organ tissue but there 
was "no clear evidence" of an increase in risk with an increase in consumption. The 
associations are referred to as "weak". Statistical levels of significance were not reported. 

The initial Davanipour et al. study [5] was relatively small. Twenty-six (26) CJD cases were 
ascertained in a five state area (Pennsylvania, New Jersey, Maryland, New York, and 
Delaware). (None of these states were involved in the 1 1 state study reported in this 
communication.) Twenty-three (23) were identified from the records of the Laboratory of 
Central Nervous System Studies, US National Institutes of Health. Three (3) additional CJD 
cases were identified through relatives of the original 23 cases. Twenty (20, 77%) had their 
diagnosis confirmed by pathologic findings and the disease was successfully transmitted to 
animals for 8 of these cases. Thus, 6 subjects were classified as "probable" CJD cases. Two 
cases were familial. Two types of controls were used: hospital controls; family controls. 
Hospital controls were matched by gender, age (+5 years), and date of case in- 
hospitalization diagnosis (as close as possible). Family controls were through case- 
surrogates (who supplied the case exposure information), with matching for age (+ 10 years) 
and gender. Forty-five (45) food items were of interest. Categories were red meat, fowl, 
game, seafood, processed meat, organ meat, and dairy products. Major changes in diet were 
lacking according to the interviewees. 'High' and 'low' consumption were defined as 
consumption at least once a month and less than once a month, respectively. High, low and 
ever consumption were compared to no consumption. Analyses were conducted using 
family controls, hospital controls, and all controls. In addition to the results provided in 
Table 8, (i) high or ever consumption of deli/canned ham was statistically significant 
relative to family and hospital controls (p<0.05) and relative to the combined controls 
(p<0.01), roast pork (high or ever) was statistically significant (p<0.05) relative to hospital 
controls, (ii) hot dog consumption (ever vs. never) was significant relative to hospital 
controls (p<0.01) and marginally significant relative to the combined controls (p<0. 10), (iii) 
pork chop consumption (high or ever) was marginally significant (p<0. 10) for hospital 
controls and (high only) for the combined controls, (iv) smoked pork (high) consumption 
was marginally significant (p<0.10) relative to hospital controls only and (v) scrapple (high) 
was marginally significant (p<0.10) for the combined controls. 
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The raw data from the Kondo and Kuroiw [9], Harries- Jones et al. [10] and Davanipour et 
al. [5] studies have been combined for a meta-analysis by Wientjens et al. [59]. Neither the 
Bobowick et al. study [7], which did not use the Masters et al. diagnostic criteria [50], nor 
the Goldberg et al. study [8] were included. Dietary questions in the Kondo and Kuroiwa 
and the Harries-Jones et al. studies were not detailed and did not often overlap with the other 
two studies. The dietary data items in the meta-analysis were thus severely restricted. 
Consumption of 'any organ meat', although having different practical meanings in each 
study, was the only relatively common food item. Given the relative sizes of the studies in 
relation to the individual findings, consumption of 'any organ meat' was not elevated in the 
meta-analysis. 

The van Duijn et al. study [11] was larger than the earlier studies, covered 6 European 
countries, and inquired about several dietary items: beef, veal, lamb, pork; sausage, tripe, 
kidney, liver, brain, eye; raw meat, raw fish; unspecified animal blood products; milk and 
cheese. Consumption of brain had a statistically elevated risk (OR = 1.7, 95% CI = 1.2-2.4). 
Consumption of raw meat also had an elevated risk (OR = 1.6, 95% CI = 1.2-2.2). 
Consumption of sausage, any beef, any veal, any lamb, or any pork was not associated with 
an increased risk. However, there was a statistically significant trend in risk with increased 
consumption of pork (p for trend 0.02). Consumption of tripe, kidney, liver or eye was not 
associated with an elevated risk. Consumption of raw fish had an odds ratio of 1.5, but was 
not significant. Data were missing for over 70% of the cases and controls for brain and raw 
fish consumption. 

Data collection for the van Duijn et al. study [11] was between 1993 and 1995, mostly after 
the beginnings of the widespread concern about BSE. Perhaps somewhat over 50% of the 
data were collected prior to the identification of vCJD in 1995. The odds ratio estimate for 
brain consumption was higher (and statistically significant) than in any of the other studies 
(Table 8). [However, in the present study, when control-surrogate data are used, the OR for 
brain is 2.5 (Table 6), but not significant.] It is conceivable that case-surrogate responses in 
the van Duijn et al. study were influenced by the BSE concern. The authors state that when a 
matched analysis was performed, brain consumption was no longer significant (p=0.18). 
However, neither the OR nor the number of case-control pairs is provided. Assuming 
missing information was random among the case and control-surrogates, the expected 
number of case-control pairs with data is small, approximately 33. 

4.5.2 Consumption of Food Items Likely to Contain Organ Products — Only the 
earlier Davanipour et al. study [5] and the present study reported on consumption of 
processed food items, except for sausage in the van Duijn et al. [11] and Ruegger et al [12] 
studies. It was the results concerning processed food items in our earlier study which formed 
the basis for the a priori hypotheses for the present study. Organs themselves when directly 
consumed are likely to be cooked more thoroughly than when they form part of a processed 
food item. This is likely unknown to the consumer. For the processed food items, we found 
significantly increased risk associated with hot dogs, sausage, pepperoni, kielbasa and 
"other" canned meat. Bologna and salami consumption has a marginally increased risk, 
while, scrapple, meat spreads, and kishka had no increase in risk. Kishka had an odds ratio 
estimate of 2.1 but was rarely consumed by subjects in our study. In addition, we found 
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significant trends in risk with increased consumption for the items with sufficient 
frequencies of high consumption for trend analyses, van Duijn et al. [11] reported that there 
was not a significant trend in risk associated with increased consumption of "meat products 
such as sausage or black pudding". {Black pudding is a beef blood and lard product and thus 
does not belong to one of the food items constituting our a priori hypothesis. While there is 
concern about transmission of CJD through blood transfusions, there are no suggestive data 
[60-62]. } Information as to what other meat products were included in the data collection 
was not provided. Only the data and odds ratio for 'ever' versus 'never' consumption of 
sausage were provided: OR = 1.2, with about 95.5% of cases and 94.5% of controls having 
ever consumed sausage. The 'ever' consumption rate is essentially identical for cases in the 
present study, but only 83% of the controls reported consumption; the OR was 4.4 
(p<0.009). ORs for both low and high consumption (vs 'never' consumption) were 
statistically significant and there was a statistically significant trend (Table 4). 

4.5.3 Consumption Of Pork — Using 3 levels of consumption, van Duijn et al. [11] found 
a statistically significant trend in risk (p<0.02) for consumption of any pork item. In the 
present study, using two levels of consumption, there was also a significant trend in risk 
(p<0.004; data not shown). Smoked pork consumption was also increased among cases in 
our present study. It has been demonstrated that pigs develop spongiform encephalopathy 
through inoculation of BSE-infected brain. Pigs are slaughtered while quite young. If a pig 
were to become infected, certain organ tissue could be contaminated, but clinical symptoms 
would be very unlikely. 

4.5.4 Consumption of Rare/Raw Meat and Raw Seafood — van Duijn et al. [11] 
reported odds ratios of 1.6 (95% CI: 1.2-2.2) for consumption of raw meat and 1.5 (95% CI: 
0.7-3.2) for consumption of raw fish. In the present study, the odds ratios for consumption of 
rare/raw meat and raw fish were, respectively, 2.0 (95% CI: 0.9-4.7) and 2.4 (95% CI: 
0.8-7.2). These estimates are not dissimilar from van Duijn et al.'s estimates. Currently, 
farm-raised salmon and perhaps other fish are fed meat byproducts, which may be 
contaminated [21]. Cuts of meat may contain brain and possibly other organ parts due to the 
use of pneumatic-actuated penetrating captive bolts to slaughter cattle and other large food 
animals [63]. 

5. CONCLUSIONS 

In general, there is a contrast between the occurrence of CJD cases and the large number of 
individuals consuming these food items. It should be noted that TSE is a rare disease in 
animals. In addition to a low TSE exposure rate, TSE infectivity and viability are likely low. 
Moreover, human susceptibility to TSE may be related to rare genetic make-up. 
Consequently, it should not be surprising that sCJD is, fortunately, rare. Ecological and 
other issues are discussed in reference [69]. 

Over all, we found evidence that consumption of certain beef products may be associated 
with increased risk of sCJD and that consumption of certain items of pork and poultry were 
associated with an increased risk. In addition, many of the food items likely to contain brain, 
e.g., various sausages, may contain meat and organs from animals besides cows. This study 
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should be interpreted as providing evidence that sCJD is, at times, a zoonotic disease, with 
possible transmission via dietary items. TSE occurs naturally in wide range of animal hosts, 
e.g., sheep, goats, bovine, mink, white-tailed deer. 

It has been established that cows in Great Britain and perhaps elsewhere probably developed 
BSE by eating contaminated food products, e.g., sheep products. It has also been established 
that cows which consumed contaminated cow offal have developed BSE. Earlier, mink 
which ate contaminated feed, perhaps bovine, in the US developed a spongiform 
encephalopathy (TME). The literature has other examples of transmission of spongiform 
encephalopathy between species through contaminated feed. One reason for increased 
transmission of this disease by ingestion within and between species may be an unfortunate 
change in the processing procedures of offal during rendering, making it more likely that the 
infectiousness of the agent survives [26,70,71]. 

In summary, the findings in this study support the hypothesis that one way for humans to 
develop sCJD is consumption of animal products containing the infectious agent for TSE. 
Processed food items which may contain organ tissue products may represent a risk. Some 
of these food items are not sufficiently cooked. 
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ABBREVIATIONS 



AD Alzheimer's disease 

BASE bovine amyloidotic spongiform encephalopathy 

BSE bovine spongiform encephalopathy 

CJD Creutzfeldt- Jakob disease 

MDNV motor dorsal nucleus of the vagus 

ME7 a mouse-adapted scrapie strain 

M/V methionine/valine polymorphism 

M/V2 CJD a particular strain of sCJD 

vCJD variant CJD, transmitted from cattle to humans 

OR odds ratio 

PrP Sc infectious agent for prion diseases; Sc stands for scrapie, the name of the 
disease in sheep 

RML a mouse-adapted scrapie strain 

sCJD sporadic Creutzfeldt-Jakob disease 

Tga20 a specific transgenic mouse model 
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TME 



transmissible mink encephalopathy 



TSE 



transmissible spongiform encephalopathy 



VaD 



vascular dementia 



REFERENCES 



1. Hadlow, WJ.; Race, RE.; Kennedy, RC; Eklund, CM. Natural infection of sheep with scrapie virus. 
In: Prusiner, SB.; Hadlow, WJ., editors. Slow Transmissible Diseases of the Nervous System. Vol. 
2. Academic Press; New York: 1979. p. 3-12. 

2. Bosque PJ, Ryou C, Telling G, Peretz D, Legname G, DeArmond SJ, Prusiner SB. Prions in skeletal 
muscle. Proc Natl Acad Sci (USA). 2002; 99:3812-3817. [PubMed: 1 1904434] 

3. Andreoletti O, Simon S, Lacroux C, Morel N, Tabouret G, Chabert A, Lugan S, Corbiere F, Ferre P, 
Foucras G, Laude H, Eychenne F, Grassi J, Schelcher F. PrP^ c accumulation in myocytes from 
sheep incubating natural scrapie. Nat Med. 2004; 10:591-593. [PubMed: 15156203] 

4. vanKeulen LJ, Schreuder BE, Meloen RH, Mooij-Harkes G, Vromans ME, Langeveld JP. 
Immunohistochemical detection of prion protein in lymphoid tissues of sheep with natural scrapie. J 
Clin Microbiol. 1996; 34:1228-1231. [PubMed: 8727908] 

5. Davanipour Z, Alter M, Sobel EL, Asher D, Gajdusek DC. A case-control study of Creutzfeldt- 
Jakob disease: Dietary risk factors. Amer J Epidemiol. 1985; 122:443^51. [PubMed: 3895896] 

6. Davanipour Z, Alter M, Sobel EL, Callahan M. Sheep consumption: A possible source of 
spongiform encephalopathy in humans. Neuroepidemiology. 1985; 4:240-249. [PubMed: 3915057] 

7. Bobowick AR, Brody JA, Matthews MR, Roos R, Gajdusek DC. Creutzfeldt- Jakob disease: A case- 
control study. Amer J Epidemiol. 1973; 98:381-394. [PubMed: 4583406] 

8. Goldberg, H.; Alter, M.; Kahana, E. The Libyan-Jewish focus of Creutzfeldt-Jakob disease: A 
search for the mode of natural transmission. In: Prusiner, SB.; Hadlow, WJ., editors. Slow 
Transmissible Diseases of the Nervous System. Academic Press; New York: 1979. p. 195-211. 

9. Kondo K, Kuroiwa Y. A case-control study of Creutzfeldt-Jakob disease: Association with physical 
injuries. Ann Neurol. 1982; 11:377-381. [PubMed: 7049055] 

10. Harries-Jones R, Knight R, Will RG, Cousens S, Smith PG, Mathews WB. Creutzfeldt-Jakob 
disease in England and Wales, 1980-1984: A case-control study of potential risk factors. J Neurol 
Neurosurg Psychiatry. 1988; 51:1113-1119. [PubMed: 3066847] 

11. van Duijn CM, Delasnerie-Laupretre N, Masullo C, Zerr I, de Silva R, Wientjens DP, et al. Case- 
control study of risk factors of Creutzfeldt-Jakob disease in Europe during 1993-1995. The Lancet. 
1998;351:1081-1085. 

12. Ruegger J, Stoeck K, Amsler L, Blaettler T, Zwahlen M, Aguzzi A, Glatzel M, Hess K, Eckert T. 
A case-control study of sporadic Creutzfeldt-Jakob disease in Switzerland: Analysis of potential 
risk factors with regard to an increased CJD incidence in the years 2001-2004. BMC Public 
Health. 2009; 9:18. [PubMed: 19144172] 

13. Pattison IH, Millson GC. Experimental transmission of scrapie to goats and sheep by oral route. J 
Comp Pathol. 1961; 71:171-176. 

14. Millson GC, Pattison IH. The distribution of the scrapie agent in the tissues of experimentally 
inoculated goats. J Comp Pathol. 1962; 72:233-244. [PubMed: 14484423] 

15. Burger D, Hartsough GR. Encephalopathy of mink. II. Experimental and natural transmission. J 
Infect Dis. 1965; 115:393-399. [PubMed: 5837893] 

16. Gibbs CJ Jr, Gajdusek DC. Experimental subacute spongiform virus encephalopathies in primates 
and other laboratory animals. Science. 1973; 182:67-68. [PubMed: 4199733] 

17. Masters CL, Alpers MP, Gajdusek DC, Gibbs CJ, Kakulas BA. Experimental kuru in the gibbon 
and sooty managabey and Creutzfeldt-Jakob disease in the pig tailed macaque. J Med Primatol. 
1976; 5:205-209. [PubMed: 826636] 

18. Done JT. Spongiform encephalopathy in pigs [letter; comment]. Vet Rec. 1990; 127:484. 
[PubMed: 2270645] 

Br J Med Med Res. Author manuscript; available in PMC 2014 June 25. 



Davanipour et al. Page 20 

19. Dawson M, Wells SA, Parker BN, Scott AC. Primary parenteral transmission of bovine 
spongiform encephalopathy to the pig [letter]. Vet Rec. 1990; 127:338. [PubMed: 2147795] 

20. Bradley R. The research programme on transmissible spongiform encephalopathies in Britain with 
special reference to bovine spongiform encephalopathy. Dev Biol Stand. 1993; 80:157-170. 
[PubMed: 8270105] 

21. Gibbs CJ, Bolis CJ. Normal iso form of amyloid protein (PRP) in brains of spawning salmon. 
Molecular Psychiatry. 1997; 2:146-147. [PubMed: 9106239] 

22. Narang, H. New Castle-upon-Tyne. H.H. Publisher; England: 1997. The Link; p. 135-137. 

23. Cawthorne RJ. Failure to confirm a TSE in chickens. (Letter). Vet Rec. 1997; 141 

24. Narang H. Failure to confirm a TSE in chickens (Response, Letter). Vet Rec. 1997; 141:255-256. 
[PubMed: 9308154] 

25. Hope J, Wood SCER, Cirkett CR, Chong A, Bruce AC, Cairns BD, Goldmann W, Hunter N, 
Bostock CJ. Molecular analysis of ovine prion protein identifies similarities between BSE and an 
experimental isolate of natural scrapie, CH1641. J Gen Virol. 1999; 80:1-4. [PubMed: 9934675] 

26. Brown P. On the origins of BSE. The Lancet. 1998; 352:252-253. 

27. Bons N, Mestre-Frances N, Belli P, Cathala F, Gajdusek DC, Brown P. Natural and experimental 
oral infection of nonhuman primates by bovine spongiform encephalopathy agents. Proc Natl 
AcadSci (USA). 1999; 96:4046-4051. [PubMed: 10097160] 

28. Ridley RM, Baker HF, Windle CP. Failure to transmit bovine spongiform encephalopathy to 
marmosets with ruminant-derived meal. The Lancet. 1996; 348:56. 

29. Marsh RF, Besen RA, Lehmann S, Hartsough GR. Epidemiological and experimental studies on a 
new incident of transmissible mink encephalopathy. J Gen Virol. 1991; 72:589-594. [PubMed: 
1826023] 

30. Marsh RF. Bovine spongiform encephalopathy: A new disease of cattle? Arch Virol Suppl. 1993; 
7:255-259. [PubMed: 8219807] 

31. Marsh RF, Beesen RA. Epidemiologic and experimental studies on transmissible mink 
encephalopathy. Dev Biol Stand. 1993;80:111-118. [PubMed: 8270100] 

32. Robinson MM, Hadlow WJ, Huff TP, Wells GA, Dawson M, Marsh RF, Gorham JR. 
Experimental infection of mink with bovine spongiform encephalopathy. J Gen Virol. 1994; 
75:2151-2155. [PubMed: 8077914] 

33. Hamir AN, Kehrli ME Jr, Kunkle RA, Greenlee JJ, Nicholson EM, Richt JA, Miller JM, Cutlip 
RC. Experimental interspecies transmission studies of the transmissible spongiform 
encephalopathies to cattle: comparison to bovine spongiform encephalopathy in cattle. J Vet Diagn 
Invest. 2011; 23:407-420. [PubMed: 21908269] 

34. Jennelle CS, Samuel MD, Nolden CA, Keane DP, Barr DJ, Johnson C, Vanderloo JP, Aiken JM, 
Hamir AN, Hoover EA. Surveillance for transmissible spongiform encephalopathy in scavengers 
of white-tailed deer carcasses in the chronic wasting disease area of Wisconsin. J Toxicol Environ 
Health A. 2009; 72:1018-1024. [PubMed: 19697235] 

35. Scott MR, Will R, Ironside J, Nguyen HO, Tremblay P, DeArmond SJ, Prusiner SB. Compelling 
transgenic evidence for transmission of bovine spongiform encephalopathy to humans. Proc Natl 
Acad Sci (USA). 1999;96:15137-15142. [PubMed: 10611351] 

36. Collinge J, Sidle KCL, Meads J, Ironside J, Hill AF. Molecular analysis of prion strain variation 
and the aetiology of 'new variant' CJD. Nature. 1996; 383:685-690. [PubMed: 8878476] 

37. Hill AF, Desbruslais M, Joiner S, Sidle KCL, Gowland I, Collinge J. The same prion strain causes 
vCJD and BSE. Nature. 1997; 389:448-450. [PubMed: 9333232] 

38. Bruce ME, Will RG, Ironside JW, McConnell I, Drummond D, Suttie A, McCardle L, Chree A, 
Hope J, Birkett C, Cousens S, Fraser H, Bostock CJ. Transmissions to mice indicate that 'new 
variant' CJD is caused by the BSE agent. Nature. 1997; 389:498-501. [PubMed: 9333239] 

39. Mishra RS, Basu S, Gu Y, Luo X, Zou W-Q, Mishra R, Li R, Chen SG, Gambetti P, Fujioka H, 
Singh N. Protease-resistant human prion protein and ferritin are cotransported across Caco-2 
epithelial cells: Implications for species barrier in prion uptake from the intestine. J Neurosci. 
2004; 24:11280-11290. [PubMed: 15601934] 

40. Thackray AM, Klein MA, Aguzzi A, Bujdoso R. Chronic subclinical prion disease induced by 
low-dose inoculum. J Virol. 2002; 76:2510-2517. [PubMed: 1 1836429] 



Br J Med Med Res. Author manuscript; available in PMC 2014 June 25. 



Davanipour et al. 



Page 21 



41. Hill AF, Joiner S, Linehan J, Desbruslais M, Lantos PL, Collinge J. Species-barrier-independent 
prion replication in apparently resistant species. Proc Natl Acad Sci (USA). 2000; 97:10248- 
10253. [PubMed: 10963685] 

42. Race R, Raines A, Raymond RJ, Caughey B, Chesebro B. Long-term subclinical carrier state 
precedes scrapie replication and adaptation in a resistant species: Analogies to bovine spongiform 
encephalopathy and variant Creutzfeldt- Jakob disease in humans. J Virol. 2001 ; 75: 10106-101 12. 
[PubMed: 11581378] 

43. Casalone C, Zanusso G, Acutis P, Ferrari S, Capucci L, Tagliavini F, Monaco S, Caramelli M. 
Identification of a second bovine amyloidotic spongiform encephalopathy: Molecular similarities 
with sporadic Creutzfeldt- Jakob disease. Proc Natl Acad Sci (USA). 2004; 101:3065-3070. 
[PubMed: 14970340] 

44. Clarke AR, Jackson GS, Collinge J. The molecular biology of prion propagation. Phil Trans RT 
Soc Lond B. 2001; 356:185-195. 

45. Mueler H, Raeber A, Sailer A, Fischer M, Aguzzi A, Weissmann C. High prion and PrP^ c levels 
but delayed onset of disease in scrapie-inoculated mice heterozygous for a disrupted PrP gene. 
MolMed. 1994; 1:19-30. [PubMed: 8790598] 

46. Frigg R, Klein MA, Hegyi I, Zinkernagel RM, Aguzzi A. Scrapie pathogenesis in subclinically 
infected B-cell-deficient mice. J Virol. 1999;73:9584-9588. [PubMed: 10516067] 

47. Race R, Chesebro B. Scrapie infectivity found in resistant species. Nature. 1998; 392:770. 
[PubMed: 9572135] 

48. Sigurdson CJ, Heikenwalder M, Manco G, Barthel M, Schwarz P, Stecher B, Krautler NJ, Hardt 
WD, Seifert B, Mac Pherson AJ, Corthesy I, Aguzzi A. Bacterial colitis increases susceptibility to 
oral prion disease. J Infect Dis. 2009; 199:243-252. [PubMed: 19072552] 

49. Collins SJ, Lawson VA, Masters CL. Transmissible spongiform encephalopathies. The Lancet. 
2004; 363:51-61. 

50. Masters CL, Harris JO, Gajdusek DC, Gibbs CJ Jr, Bernoulli C, Asher DM. Creutzfeldt- Jakob 
disease: Patterns of worldwide occurrence and the significance of familial and sporadic clustering. 
AnnNeurol. 1979; 5:177-188. [PubMed: 371520] 

51. Davanipour Z, Smoak C, Bohr T, Sobel E, Liwnicz B, Chang S. Death certificates: An efficient 
source for ascertainment of Creutzfeldt- Jakob disease cases. Neuroepidemiology. 1995; 14:1-6. 
[PubMed: 7898601] 

52. Breslow, NE.; Day, NE. The Analysis of Case-Control Studies. Vol. 1. IARC; Lyon: 1980. 
Statistical Methods in Cancer Research. International Agency for Research on Cancer Scientific 
Publication No. 32 

53. Breslow, NE.; Day, NE. The Design and Analysis of Cohort Studies. Vol. 2. IARC; Lyon: 1987. 
Statistical Methods in Cancer Research. International Agency for Research on Cancer Scientific 
Publication No 82 

54. National CJD Surveillance Unit, Western General Hospital. Creutzfeldt-Jakob surveillance in the 
United Kingdom. 1995 Fourth annual report. 

55. National CJD Surveillance Unit, Western General Hospital. Creutzfeldt-Jakob surveillance in the 
United Kingdom. 1997 Sixth annual report. 

56. Johnson RT, Gibbs CJ. The authors reply (Letter). NEJM. 1999; 340:1689. 

57. Kalmijn S, Launer LJ, Ott A, Witteman JC, Hofman A, Breteler MM. Dietary fat intake and the 
risk of incident dementia in the Rotterdam Study. Ann Neurol. 1997; 42:776-782. [PubMed: 
9392577] 

58. Giem P, Beeson WL, Fraser GE. The incidence of dementia and intake of animal products: 
Preliminary findings from the Adventist Health Study. Neuroepidemiology. 1993; 12:28-36. 
[PubMed: 8327020] 

59. Wientjens DP, Davanipour Z, Hofman A, Kondo K, Matthews WB, Will RG, van Duijn CM. Risk 
factors for Creutzfeldt-Jakob disease: A reanalysis of case-control studies. Neurology. 1996; 
46:1287-1291. [PubMed: 8628468] 

60. Busch MP, Glynn SA, Schreiber GB. Potential increased risk of virus transmission due to 
exclusion of older donors because of concern over Creutzfeldt-Jakob disease: The National Heart, 



Br J Med Med Res. Author manuscript; available in PMC 2014 June 25. 



Davanipour et al. 



Page 22 



Lung, and Blood Institute retrovirus epidemiology donor study. Transfusion. 1997; 37:996-1002. 
[PubMed: 9354816] 

61. Ironside JW, Head MW. Variant Creutzfeldt- Jakob disease: Risk of transmission by blood and 
blood products. Haemophilia. 2004; 10(Suppl 4):64-69. [PubMed: 15479374] 

62. Ramasamy I. The risk of accidental transmission of transmissible spongiform encephalopathy: 
Identification of emerging issues. Public Health. 2004; 118:409-420. [PubMed: 15313594] 

63. Garland T, Bauer N, Bailey M. Brain emboli in the lungs of cattle after stunning. (Letter) The 
Lancet. 1996; 348:610. 

64. Brown P, Cervenakova L, Goldfarb LG, McCombie WR, Rubenstein R, Will RG, Pocchiari M, 
Martinez-Lage JF, Scalici C, Masullo C. Iatrogenic Creutzfeldt-Jakob disease: An example of the 
interplay between ancient genes and modern medicine. Neurology. 1994; 44:291-293. [PubMed: 
8309577] 

65. Collinge J, Palmer MS, Dryden AJ. Genetic predisposition to iatrogenic Creutzfeldt-Jakob disease. 
The Lancet. 1991;337:1441-1442. 

66. Deslys JF, Marce D, Dormont D. Similar genetic susceptibility in iatrogenic and sporadic 
Creutzfeldt-Jakob disease. J Gen Virol. 1994; 75:23-27. [PubMed: 8113733] 

67. Palmer MS, Dryden AJ, Hughes JT, Collinge J. Homozygous prion protein genotype predisposes 
to sporadic Creutzfeldt-Jakob disease. Nature. 1991; 352:340-342. [PubMed: 1677164] 

68. Will RG, Alperovitch A, Poser S, Pocchiari M, Hofman A, Mitrova E, de Silva R, D' Alessandro 
M, Delasnerie-Laupretre N, Zerr I, van Duijn C, EU Collaborative Study Group for CJD. 
Descriptive epidemiology of Creutzfeldt-Jakob disease in six European countries, 1993-1995. Ann 
Neurol. 1998; 43:763-767. [PubMed: 9629846] 

69. Davanipour Z, Alter M, Kahana E. RE: An epidemiologic critique of Creutzfeldt-Jakob disease. 
[Letter] Amer J Epidemiol. 1982; 115:145-149. 

70. Taylor DM, Woodgate SL, Atkinson MJ. Inactivation of the bovine spongiform encephalopathy 
agent by rendering procedures. VetRec. 1995; 137:605-610. [PubMed: 8746849] 

71. Taylor DM, Woodgate SL. Rendering practices and inactivation of transmissible spongiform 
encephalopathy. Rev Sci Tech. 2003; 22:297-310. [PubMed: 12793787] 



Br J Med Med Res. Author manuscript; available in PMC 2014 June 25. 



Davanipour et al. 



Page 23 



Table 1 

Descriptive information for definite sporadic cases and controls 





Controls 


Sample Cases 
Size 


Number of Matched Controls per Case 
2 10 


110 


29 56 25 


Case Gender 


Number of Subjects (Percent) 


Female 


45 (40.9%) 


Male 


65 (59.1%) 


Other Descriptive Information 


Percent of Controls Older 
than Matched Case 


67% 


Mean Age Difference: 
Controls - Cases 


+ 3.0 Years 


Mean Age-at-Onset (SD) 
of Symptoms 


63.6 (8.8) Years 


Range of Age-at-Onset 
of Symptoms 


34.0 - 80.3 Years 


Mean Duration of Disease: 
Clinical Onset to Death 




All Cases 


8.5 Months 


Female Cases 


10.4 Months 


Male Cases 


7.1 Months 


Clinical Onset & Disease Duration: 
Cases with no Control vs 
Cases with a Control 




Mean Age Difference 


Cases with no Control - 4 Years Older 


Mean Duration of Disease 


7.3 vs 8.7 Months 


Education 


Cases Controls 


High School or Less 


45.5% 40.0% 


Some College Education 


42.9% 54.0% 


Some Graduate Education 


11.6% 6.0% 


Case Residential Location 2 Years Prior to 
Clinical Onset 


Urban/Suburban 


67.7% 


Rural 


32.3% 
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Table 2 

Descriptive statistics for dietary items* 



Exposure 
Variable 




Cases 






Controls 






Not 
Exposed 






Not 

Exposed 


lVf ikgiiio 


Raw Milk 


36 ( 42%) 


40 (47%) 


9(11%) 


60 (53%) 


51 (45%) 


3 (2%) 


Lamb Chop 


45 ( 53%) 


37 (44%) 


3 ( 4%) 


70 ( 61%) 


42 (37%) 


2 (2%) 


Roast Lamb 


45 ( 53%) 


37 (44%) 


3 ( 4%) 


63 ( 55%) 


50 (44%) 


1 (1%) 


Lamb/Mutton 


47 ( 55%) 


35 (41%) 


3 ( 4%) 


39 ( 34%) 


74 (65%) 


1 (1%) 


Any Pork 


82 ( 96%) 


2 ( 2%) 


1(1%) 


105 ( 92%) 


9 ( 8%) 


0 (0%) 


Pork Chops 


80 ( 94%) 


4 ( 5%) 


1(1%) 


103 ( 90%) 


11 (10%) 


0 (0%) 


Roast Pork 


76 ( 89%) 


8 ( 9%) 


1 ( 1%) 


94 ( 82%) 


20 (18%) 


0 (0%) 


Ham 


81 ( 95%) 


3 ( 3%) 


1 ( 1%) 


102 ( 89%) 


12(11%) 


0 (0%) 


Smoked Pork 


55 ( 65%) 


20 (24%) 


10(12%) 


59 ( 52%) 


52 (46%) 


3 (3%) 


Bacon 


83 ( 98%) 


2 ( 2%) 


0 ( 0%) 


104(91%) 


10 ( 9%) 


0 (0%) 


Any Beef 


84 ( 99%) 


1 ( 1%) 


0 ( 0%) 


114(100%) 


0 ( 0%) 


0 (0%) 


Steak 


84 ( 99%) 


0 ( 0%) 


1 ( 1%) 


113 (99%) 


1 ( 1%) 


0 (0%) 


Roast Beef 


84 ( 99%) 


0 ( 0%) 


1 ( 1%) 


110(96%) 


4 ( 4%) 


0 (0%) 


Hamburger 


84 ( 99%) 


1 ( 1%) 


0 ( 0%) 


111 (97%) 


3 ( 3%) 


0 (0%) 


Veal 


55 ( 65%) 


24 (28%) 


6 ( 7%) 


76 ( 67%) 


37 (32%) 


1 (1%) 


Hot Dogs 


83 ( 98%) 


1 ( 1%) 


1 ( 1%) 


103 ( 90%) 


11 (10%) 


0 (0%) 


Bologna 


65 ( 76%) 


17 (20%) 


3 ( 4%) 


77 ( 68%) 


37(32%) 


0 (0%) 


Salami 


68 ( 80%) 


15 (18%) 


2 ( 2%) 


80 ( 70%) 


34 (30%) 


0 (0%) 


Sausage 


80 ( 94%) 


4 ( 5%) 


1 ( 1%) 


95 ( 83%) 


19 (17%) 


0 (0%) 


Pepperoni 


61 ( 72%) 


20 (24%) 


4 ( 5%) 


65 ( 57%) 


49 (43%) 


0 (0%) 


Kielbasa 


52 ( 61%) 


27 (32%) 


6 ( 7%) 


48 ( 42%) 


65 (57%) 


1 (1%) 


Kishka 


8 ( 9%) 


67 (79%) 


10 (12%) 


8 ( 7%) 


106 (93%) 


0 (0%) 


Scrapple 


9 ( 11%) 


57 (67%) 


19 (22%) 


14 ( 12%) 


98 (86%) 


2 (2%) 


Sausessen 


0 ( 0%) 


68 (80%) 


17 (20%) 


0 ( 0%) 


113 (99%) 


1 (1%) 


Meat Spreads 


43 ( 51%) 


37 (43%) 


5 ( 6%) 


56 ( 49%) 


58 (51%) 


0 (0%) 


Poultry 


85 (100%) 


0 ( 0%) 


0 ( 0%) 


1 12 ( 98%) 


2 ( 2%) 


0 (0%) 


Deer 


53 ( 62%) 


26 (31%) 


6 ( 7%) 


62 ( 54%) 


52 (46%) 


0 (0%) 


Rabbit 


42 ( 49%) 


34 (40%) 


9 (11%) 


57 ( 50%) 


57 (50%) 


0 (0%) 


"Other" Meat 


35 (41%) 


44 (52%) 


6 ( 7%) 


40 ( 35%) 


74 (65%) 


0 (0%) 


"Other" 


38 ( 45%) 


38 (45%) 


9(11%) 


35(31%) 


79 (69%) 


0 (0%) 


Canned Meat 














Any Brain 


16 ( 19%) 


64 (75%) 


5 ( 6%) 


29 ( 25%) 


85 (75%) 


0 (0%) 


Any Tongue 


28 ( 33%) 


53 (62%) 


4 ( 5%) 


41 ( 36%) 


72 (63%) 


1 (1%) 


Any Eyeball 


0 ( 0%) 


82 (96%) 


3 ( 4%) 


0 ( 0%) 


114(100%) 


0 (0%) 


Any Heart 


20 ( 24%) 


58 (68%) 


7 ( 8%) 


29 ( 25%) 


85 (75%) 


0 (0%) 


Any Kidney 


10 ( 12%) 


72 (85%) 


3 ( 4%) 


13(11%) 


100 (88%) 


1 (1%) 
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Exposure 
Variable 




Cases 






Controls 




Exposed 


Not 
Exposed 


Missing 


Exposed 


Not 
Exposed 


Missing 


Any Gizzard 


6 ( 7%) 


78 (92%) 


1 ( 1%) 


1 ( 1%) 


113 (99%) 


0 (0%) 


Any Foot 


23 (27%) 


58 (68%) 


4 ( 5%) 


29 (25%) 


85 (75%) 


0 ( 0%) 


Any Liver 


70 (82%) 


13 (15%) 


2 ( 2%) 


88 (77%) 


26 (23%) 


0 ( 0%) 


Beef 


59 (69%) 


24 (28%) 


2 ( 2%) 


72 (63%) 


42 (37%) 


0 ( 0%) 


Pork 


6 ( 7%) 


77 (91%) 


2 ( 2%) 


13 (11%) 


101 (89%) 


0 ( 0%) 


Poultry 


18 (21%) 


65 (76%) 


2 ( 2%) 


8 ( 7%) 


106 (93%) 


0 ( 0%) 


Any 


18 (21%) 


64 (75%) 


3 (4%) 


10 ( 9%) 


102 (89%) 


2 ( 2%) 


Stomach/ 
Intestine 














Beef 


13 (15%) 


69 (81%) 


3 (4%) 


6 ( 5%) 


106 (93%) 


2 ( 2%) 


Pork 


6 ( 7%) 


76 (89%) 


3 ( 4%) 


3 ( 3%) 


109 (96%) 


2 ( 2%) 


Any Internal 
Organ 


38 (45%) 


44 (52%) 


3 ( 4%) 


30 (26%) 


82 (72%) 


2 ( 2%) 


Tissue 














Beef 


28 (33%) 


54 (64%) 


3 ( 4%) 


18 (16%) 


94 (82%) 


2 ( 2%) 


Pork 


17 (20%) 


65 (76%) 


3 ( 4%) 


16 (14%) 


96 (84%) 


2 ( 2%) 


Poultry 


9 (11%) 


73 (86%) 


3 ( 4%) 


9 ( 8%) 


102 (89%) 


3 ( 3%) 


Any Seafood 


83 (98%) 


2 ( 2%) 


0 ( 0%) 


112 (98%) 


2 ( 2%) 


0 ( 0%) 


Canned 


76 (90%) 


7 ( 8%) 


2 ( 2%) 


105 (92%) 


9 ( 8%) 


0 ( 0%) 


Fish 














Pickled Fish 


24 (28%) 


59 (70%) 


2 ( 2%) 


33 (29%) 


81 (71%) 


0 ( 0%) 


Smoked 


34 (40%) 


49 (58%) 


2 ( 2%) 


39 (34%) 


75 (66%) 


0 ( 0%) 


Fish 














Shrimp 


69 (81%) 


14 (17%) 


2 ( 2%) 


93 (82%) 


21 (18%) 


0 ( 0%) 


Lobster 


60 (71%) 


23 (27%) 


2 ( 2%) 


68 (60%) 


46 (40%) 


0 ( 0%) 


Crab 


54 (64%) 


25 (29%) 


6 ( 7%) 


68 (60%) 


46 (40%) 


0 ( 0%) 


"Other" 




45 [jXyw} 


4 ( j 7c ) 




AO f^AC£,\ 
OZ ( j4yo } 


u { v /o) 


Shell Fish 














Raw Fish 


15 (18%) 


67 (79%) 


3 ( 4%) 


12 (11%) 


102 (89%) 


0 ( 0%) 


Raw Oyster 


31 (36%) 


50 (59%) 


4 ( 5%) 


35 (31%) 


78 (68%) 


1 ( 1%) 


Raw Clam 


3 ( 4%) 


77 (91%) 


5 ( 6%) 


6 ( 5%) 


108 (95%) 


0 ( 0%) 


Raw Shrimp 


0 ( 0%) 


79 (93%) 


6 ( 7%) 


4 ( 4%) 


110(96%) 


0 ( 0%) 


Rare/Raw 
Meat 


21 (25%) 


62 (73%) 


2 ( 2%) 


14 (12%) 


93 (82%) 


7 ( 6%) 



The 85 matched case-control pairs or triples are used: 56 cases had 1 matched control and 29 cases had 2 matched controls 
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Table 3 

Odds ratios derived from exact matched analysis for food items likely to contain organ 
tissue and cooking preparation: 'EVER' vs 'NEVER' 



Food/Preparation Odds 


Ratio 9595 


> CI (2-Sided) 


P- Value (1-Sided) 


Items Likely to Contain Organ Tissue 


Hot Dogs 


7.2 (1.0- 


315.6) 


< 0.025 


Bologna 


1.7 (0.9 


-3.6) 


<0.07 


Salami 


1.9 (0.9 


-4.1) 


< 0.055 


Sausage 


4.4(1.2- 


- 24.3) 


< 0.009 


Pepperoni 


2.4(1.2 


-5.1) 


< 0.008 


Kielbasa 


3.2(1.6 


-7.0) 


< 0.0003 


Kishka 


2.1 (0.6 


-8.2) 


NS(0.17) 


Scrapple 


1.04(0.3 


-3.1) 


NS ( 0.56 ) 


Sausessen 


No Exposure 




Meat Spreads 


1.3 (0.7 


-2.4) 


NS ( 0.25 ) 


"Other" Canned Meat 


2.9(1.4 


-6.5) 


< 0.002 


Organ Tissue 


Any Brain 


0.7 (0.3 


-1.7) 


NS (0.26) 


Any Eyeball 


No Exposure 




Any Heart 


1.0 (0.5 


-2.1) 


NS (0.57) 


Any Kidney 


1.2 (0.4 


-3.4) 


NS (0.47) 


Gizzard (Poultry) 


7.6(0.9- 


354.8) 


<0.04 


Any Liver 


1.9 (0.8 


-4.9) 


<0.08 


Beef Liver 


1.7 (0.8 


-3.5) 


<0.09 


Pork Liver 


0.6 (0.2 


-1.8) 


NS (0.21) 


Poultry Liver 


3.1 (1.2 


-9.0) 


< 0.007 


Any Stomach/Intestine 


3.7(1.3- 


-13.1) 


0.006 


Beef Stomach/Intestine 


4.5 (1.2- 


- 25.4) 


0.01 


Pork Stomach/Intestine 


3.7 (0.6- 


-37.6) 


<0.10 


Any Internal Organ Tissue 


2.5(1.3 


-5.3) 


< 0.004 


Beef Internal Organ Tissue 


3.2(1.4 


-8.4) 


< 0.003 


Pork Internal Organ Tissue 


1.6 (0.7 


-3.7) 


NS (0.14) 


Poultry Internal Organ Tissue 


1.4 (0.5 


-3.9) 


NS (0.34) 


Cooking Preparation 


Rare/Raw Meat 


2.0 (0.9 


-4.7) 


<0.05 



NS: Not Significant 
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Table 4 

Trend analyses of consumption for specific food items: 'HIGH', 'LOW vs 'NEVER' * 



Food Item 


Consumption 


Odds Ratio; 95 
(2-Sided) 


% CI 


P-VALUE 
(1-Sided) 


TREND P- Value 
(2-Sided) 


HOT DOGS 


'LOW 


6.1 (0.8 - 


48.7) 


< 0.05 


< 0.009 




'HIGH' 


10.5 (1.2 - 


88.7) 


< 0.02 




SALAMI 


'LOW 


1.4 (0.6 


-2.8) 


0.21 


0.003 




'HIGH' 


3.5 (1.5 


- 8.5) 


< 0.003 




SAUSAGE 


'LOW 


3.9(1.1 - 


13.9) 


<0.02 


<0.02 




'HIGH' 


5.4(1.4- 


20.0) 


<0.01 




PEPPERONI 


'LOW 


2.3 (1.1 


-4.6) 


<0.01 


<0.02 




'HIGH' 


2.6 (0.9 


-7.3) 


<0.04 




KIELBASA 


'LOW 


3.2(1.6 


-6.2) 


< 0.001 


0.002 




'HIGH' 


6.5 (1.0+ - 


41.0) 


< 0.03 




BOLOGNA 


'LOW 


1.2(0.6 


-2.4) 


0.33 


< 0.006 




'HIGH' 


2.9(1.3 


-6.5) 


< 0.005 





* 

Uses only cases with at least one control. Low: < 2 times/month; High: >= 2 times/month 
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Table 6 

Comparison of matched and unmatched odds ratio estimates for food items likely to 
contain organ tissue and cooking preparation: 'EVER' vs 'NEVER' 



Food/Preparation 


Control Self-Response 
Odds Ratios 


Control - Su rrogate 
Response Odds Ratios 




Exact Matched 
Analysis 


Unmatched 
Analysis 


Exact Matched Analysis 


Hot Dogs 


7.2 


5.7** 


oo 


Bologna 


1.7* 


2.3** 


5.4** 


Salami 


1.9* 


2.1** 


1.6 


Sausage 


4.4* 


4.1** 


3.6 


Pepperoni 


2.4** 


2.2** 


3.8* 


Kielbasa 


3.2** 


2.4** 


3.9** 


Kishka 


2.1 


1.4 


3.0 


Scrapple 


1.04 


0.9 


oo 


Sausessen 


No Exposure 


Meat Spreads 


1.3 


1.1 


2.8* 


"Other" Canned Meat 


2.9** 


2.3** 


3.3** 


Any Brain 


0.7 


0.9 


2.5 


Any Eyeball 


No Exposure 


Any Heart 


1.0 


1.3 


1.0 


Any Kidney 


1.2 


1.5 


0.2 


Gizzard 


7.6** 


9.4** 


No Exposure 


Any Liver 


1.9* 


2.0** 


1.8 


Beef Liver 


1.7* 


1.6** 


1.1 


Pork Liver 


0.6 


1.0 


No Exposure 


Poultry Liver 


3.1** 


4.0** 


8.0 


Any Stomach/Intestine 


3.7** 


3.3** 


** 

OO 


Beef Stomach/Intestine 


4.5** 


2.9** 


oo 


Pork Stomach/Intestine 


3.7* 


4.2** 


3.0 


Any Internal Organ 


2.5** 


2.6** 


oo 


Beef Organ 


3.2 


2.9** 


=l=* 

6.0 


Pork Organ 


1.6 


1.8** 


** 

oo 


Poultry Organ 


1.4 


1.9* 


2.0 


Rare/Raw Meat 


2.0 


1.9 


2.2 



+ 0.05<p<0.1 
p < 0.05 
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